A Gram-staining-negative, strictly aerobic, rod-shaped and bright-yellow-pigmented bacterium, motile by means of a single polar flagellum, designated THG-MD21 
Extraction of the genomic DNA was achieved using a commercial genomic DNA extraction kit (Solgent). The 16S rRNA gene sequence obtained from this strain was amplified and sequenced with two universal bacterial primer pairs, 27F-1492R and 518F-805R (Frank et al., 2008 , with modifications) from Solgent. The resultant 16S rRNA gene sequence of strain THG-MD21
T was compared with similar sequences from closely related species (.97 % sequence similarity) using the GenBank database and EzTaxon-e server (Kim et al. 2012) . Multiple alignments were performed by using the CLUSTAL_X program (Thompson et al., 1997) , followed by gap editions in the BioEdit program (Hall, 1999) . The evolutionary distances were calculated using the Kimura two-parameter model (Kimura 1983) . The neighbour-joining method (Saitou & Nei, 1987) and the maximum-likelihood method (Tamura et al., 2011) were used to reconstruct phylogenetic trees as implemented in MEGA6 . Bootstrap values were calculated based on 1000 replicates for the evaluation of phylogenetic trees (Felsenstein 1985) .
The 16S rRNA gene sequence of the novel strain was a continuous stretch of 1469 bp. According to the EzTaxon-e server, the closest relatives of strain THG-MD21
T were Luteimonas aestuarii B9 T (98.2 % sequence similarity), Lysobacter panaciterrae Gsoil 068 T (97.2 %) and Luteimonas marina FR1330 T (97.0 %). The 16S rRNA gene sequence of strain THG-MD21
T shared low sequence similarities (,97 %) with other species of the family Xanthomonadaceae.
The relationship between strain THG-MD21 T , the three most closely related species and all members of the genus Luteimonas was supported by the phylogenetic trees (Fig. 1) . In the phylogenetic tree based on the neighbour-joining algorithm, strain THG-MD21
T was clustered within the genus Luteimonas and formed a clade with Luteimonas aestuarii B9
T by high bootstrap value. Therefore, it was necessary to conduct further studies on this strain THG-MD21 T to identify exactly to which genus it belongs.
To determine the DNA G+C content, the genomic DNA of strain THG-MD21 T was prepared as described by Moore & Dowhan (1995) , degraded enzymically and digested to nucleosides using nuclease P1 and alkaline phosphatase (Sigma). The DNA G+C content was analysed using a reversed-phase HPLC system (Alliance 2690 system, Waters) as described previously (Mesbah et al., 1989) , using reversed-phase column SunFireTM C18 (4.66250 mm65 mm), a flow rate of 1.0 ml min
21
, and a wavelength of 270 nm. A solvent mixture of 200 mM (NH 4 )H 2 PO 4 and acetonitrile (97 : 3, v/v) was used as mobile phase. The genomic DNA of Escherichia coli strain B (D4889, Sigma-Aldrich) was used as a standard.
DNA-DNA hybridization was performed fluorometrically, according to the method developed by Ezaki et al. (1989) with modifications (Stabili et al., 2008) , using photo-biotin labelled-DNA probes and microdilution wells. DNA-DNA hybridization was carried out to determine levels of relatedness of the novel strain THG-MD21 T The optimum renaturation temperature (43.8 8C) was calculated as [(0.516G + C content)+47]236 (Gillis et al., 1970) , where 36 8C is the correction for the presence of 50 % formamide (McConaughy et al., 1969) . Hybridization was performed with five replications for each sample. The highest and lowest values obtained for each sample were excluded and the means of the remaining three values were converted to percentage DNA-DNA relatedness values.
The DNA G+C content of strain THG-MD21 T was 64.4 mol%, a value within the range of DNA G+C contents of members of the genus Luteimonas (Finkmann et al., 2000; Sun et al., 2012; Romanenko et al., 2013; Wu et al., 2013; Fan et al., 2014; Xin et al., 2014) . The DNA-DNA relatedness values between strain THG-MD21
T and its relatives (Luteimonas aestuarii KACC 17388 T , Lysobacter panaciterrae KACC 17665 T and Luteimonas marina KACC 14648 T ) were 26.3¡2.5 %, 22.4¡2.2 % and 29.3¡1.0 %, respectively, which is significantly lower than the threshold value of 70 % recommended for the definition of bacterial species (Wayne et al., 1987; Stackebrandt & Goebel, 1994) . On the basis of DNA-DNA relatedness results, it is evident that strain THG-MD21
T represents a novel species.
Cell morphology was observed at 611 000 magnification, with a transmission electron microscope (model JEM1010, JEOL) using cells grown for 48 h at 28 8C on NA. Suspended cells were placed on carbon-and Formvar-coated nickel grids for 30 s and grids were floated on one drop of 0.1 % (w/v) aqueous uranyl acetate, blotted dry and then viewed. Gram staining was determined using a bioMérieux Gram stain kit according to the manufacturer's instructions. Growth was tested using several bacterial media, such as NA, tryptone soya agar (TSA; Oxoid), R2A agar (Difco), LuriaBertani agar (LA; Oxoid) and MacConkey agar (Oxoid) at 28 8C for 7 days. Growth at different temperatures (4, 10, 15, 20, 25, 28, 30, 37, 40, 42 and 45 8C) and various pH conditions (pH 4.0-11.0, at intervals of 0.5 pH units) was assessed in NB after 5 days of incubation at 28 8C. For the pH experiments, the following buffers were used (final concentration, 100 mM): citric acid/sodium citrate buffer (pH 4.0-6.0), Na 2 HPO 4 /NaH 2 PO 4 (pH 6.0-8.0), Na 2 CO 3 / NaHCO 3 (pH 8.0-10.0) and Na 2 HPO 4 /NaOH (pH 10.0-11.0). The pH of the medium was confirmed after autoclaving. Salt tolerance was tested in NB supplemented with 0-6.0 % (w/v) NaCl (at 0.5 % intervals) after 5 days of incubation at 28 8C. Growth was estimated by monitoring the optical density at 600 nm. Anaerobic growth was tested in serum bottles containing NB supplemented with thioglycolate (1 %), in which the air was substituted with nitrogen gas. Motility was assayed on sulfide-indole-motility medium (Difco). Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) N,N,N9,N9-tetramethyl-1,4-phenylenediamine reagent. (Minnikin et al., 1977; 1984) . Separately, each sample was examined by two-dimensional TLC using Kieselgel 60 F 254 plates (20620 cm, Merck). The first development used chloroform/methanol/water (65 : 25 : 4, by vol.). After drying, the plates were rotated and developed in the second dimension with chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.). After being developed in the solvent systems, lipids were visualized with the following reagents: 5 % molybdophosphoric acid (lipids; Sigma), 0.2 % ninhydrin (aminolipids; Sigma) and 2.5 % a-naphthol/sulfuric acid (glycolipids; Sigma). After spraying, samples were heated at 120 8C for 10 min. Phospholipids were visualized with molybdenum blue reagent (without heating). The isoprenoid quinones of strain THG-MD21 T and its reference strains were extracted from freeze-dried cell material. Ubiquinones were extracted with chloroform/ methanol (2 : 1, v/v), evaporated under vacuum conditions and extracted again in only n-hexane. The crude hexanequinone solution was purified using Sep-pak Vac silica cartridges (Waters) and subsequently analysed by using a reversed-phase HPLC system (Alliance 2690 system, Waters; solvent, methanol/2-propanol, 7 : 5, v/v; flow rate, 1.0 ml min 21 ) (Hiraishi et al., 1996; Collins & Jones 1981; Tamaoka et al., 1983) . The cellular fatty acids of strain THG-MD21 T and related species were saponified, methylated and extracted according to the protocol of the Sherlock Microbial Identification System (MIDI) and analysed by GC (model 6890, Hewlett Packard) and the Sherlock Aerobic Bacterial Database (TSBA60) (Sasser, 1990) . Cellular fatty acids profiles were determined for strains grown on NA for 2 days at 28 8C.
The polar lipid profiles of strain THG-MD21
T and its reference strains (Luteimonas aestuarii KACC 17388 T , Lysobacter panaciterrae KACC 17665 T and Luteimonas marina KACC 14648 T ) are shown in Fig. S1 (available in the online Supplementary Material). The major polar lipids of strain THG-MD21
T included phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol. An unidentified aminophospholipid and an unidentified phospholipid were also present. Despite the similarities of some major components, strain THG-MD21
T and two species of the genus Luteimonas (Luteimonas aestuarii and Luteimonas marina) could be distinguished from Lysobacter panaciterrae KACC 17665
T by the absence of phosphatidyl- T ; 5, Luteimonas mephitis B1953/27.1 T . All data obtained from this study except where indicated otherwise. +, Positive; 2, negative; W, weakly positive; ND, no data available. All taxa are positive for oxidase and catalase activities; hydrolysis of aesculin and gelatin; utilization of N-acetylglucosamine and glycogen; and enzyme activities for alkaline phosphatase, esterase, esterase lipase, leucine arylamidase, valine arylamidase, acid phosphatase and naphthol-AS-BI-phosphohydrolase. All taxa are negative for indole production; assimilation of D-mannitol, gluconate, phenylacetate, 2-ketogluconate, L-rhamnose and 5-ketogluconate; enzyme activities for lipase, a-galactosidase, b-glucuronidase and a-fucosidase; and acid production from glycerol, erythritol, L-arabinose, D-adonitol, D-mannose, L-rhamnose, myo-inositol, trehalose and raffinose. All taxa are positive (except Luteimonas mephitis is negative) for hydrolysis of L-tyrosine, urea, arginine and casein; and utilization of D-glucose, maltose and malate. All taxa are negative (except novel strain THG-MD21
T is positive) for nitrate reduction, assimilation of D-mannose, utilization of L-histidine, and sucrose. Luteimonas terrae sp. nov.
N-methylethanolamine. These data showed that the polar lipid profile of strain THG-MD21 T was similar to that of Luteimonas aestuarii and Luteimonas marina.
The only respiratory quinone detected in strain THG-MD21
T was ubiquinone-8, which is characteristic of species within the family Xanthomonadaceae. The fatty acid profiles of this strain and related type strains of the genus Luteimonas are shown in Table 2 . The cellular fatty acids of strain THG-MD21
T mainly consisted of iso-C 17 : 1 v9c, iso-C 15 : 0 , iso-C 11 : 0 , iso-C 16 : 0 and C 16 : 0 . The fatty acid composition of strain THG-MD21
T was similar to that of the reference strains. The presence of large amounts of iso-C 15 : 0 in particular is typical for the genus Luteimonas (Lipski & Stackebrandt, 2005) .
In summary, the characteristics of strain THG-MD21 T are consistent with descriptions of the genus Luteimonas with regard to morphological, biochemical and chemotaxonomic properties. The results presented here indicated that strain THG-MD21
T should be assigned to the genus Luteimonas as a representative of a novel species, for which the name Luteimonas terrae sp. nov. is proposed.
Description of Luteimonas terrae sp. nov.
Luteimonas terrae (ter9rae. L. gen. n. terrae of the earth).
Cells are Gram-staining-negative rods, strictly aerobic, 0.4-0.5|1.1-1.7 mm with a single polar flagellum (Fig.  S2 ). Catalase and oxidase activities are positive. Growth occurs at 4-45 uC (optimum 25-30 uC). Cells grow on TSA, NA, R2A, LA and MacConkey agar. Cells can grow in NB at pH 6.5-8.0 (optimum pH 7.0-7.5) and at 0-5.5 % NaCl. Colonies are smooth, circular, yellow in colour and 0.5-1.5 mm in diameter after 2 days of incubation on NA. Cells are able to hydrolyse DNA, aesculin, casein, starch, CM-cellulose, L-tyrosine, urea, gelatin and b-D-galactoside but not chitin, Tween 20 or Tween 80. The methyl red test is weakly positive. The Voges-Proskauer test is negative. Nitrate reduction, glucose acidification and arginine dihydrolase are positive while indole production is negative. Cells assimilate D-glucose, N-acetylglucosamine, maltose, malate and mannose but not L-arabinose, D-mannitol, gluconate, caprate, adipate, citrate or phenylacetate. Cells utilize D-sorbitol, valerate, L-histidine, 3-hydroxybutyrate, N-acetylglucosamine, sucrose, maltose, itaconate, suberate, malonate, acetate, L-alanine, glycogen and D-glucose. Cells are able to produce the following enzymes: alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, a-glucosidase, b-glucosidase, N-acetyl b-glucosaminidase, b-galactosidase and cystine arylamidase. Cells can produce acid from D-glucose, aesculin ferric citrate and cellobiose. The only ubiquinone is ubiquinone-8; iso-C 17 : 1 v9c, iso-C 15 : 0 , iso-C 11 : 0 , iso-C 16 : 0 and C 16 : 0 are the major cellular fatty acids (w9 %). The major polar lipids are phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol.
The type strain, THG-MD21 T (5KACC 18131 T 5JCM 30122 T ), was isolated from rhizosphere soil of Radix ophiopogonis in China. The G+C content of genomic DNA of the type strain is 64.4 mol%. 
